g.u'---l'

NACA TN 3441 92/6

o

J‘I--‘

NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS

TECHNICAL NOTE 3441

AN NACA VANE-TYPE ANGLE-OF-ATTACK INDICATOR FOR USE
AT SUBSONIC AND SUPERSONIC SPEEDS

By Jesse L. Mitchell and Robert F. Peck

Langley Aeronautical Laboratory
Langley Field, Va.

Washington
May 1955

4659900
WN ‘gav) ANVHEIT HO3L

ARG |
TG b weirtl

AFL 2811




TECH LIBRARY KAFB, NM

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS ,E"m"m Iﬂlt!w]g[ﬁ!i!mi"mn

TECHNICAL NOTE 3441

AN NACA VANE-TYPE ANGLE-OF-ATTACK INDICATOR FOR USE

AT SUBSONIC AND SUPERSONIC SPEEIJS1

By Jesse L. Mitchell and Robert FP. Peck

SUMMARY

A vene—type angle—of-attack indicator sultable for measurements at
both subsonic and supersonic speeds has been developed by the Hationsl
Advisory Committee for Aeronautlcs. A brisf history 1s given of the
development, and a wind-tunnel calibration of the indicator is pre—
sented together with a discussion of the corrections to be spplied to
the indicated readings.

INTRODUCTION

The purpose of this paper 1s to present a descriptlion of an angle-~
of—attack indicator developed in 1948 by the NACA for recording angles of
attack at subsonlc and supersonlic speeds. The instrument was designed
by the cooperative efforts of the Langley Pllotless Alrcraft Research
Division and the Langley Instrument Regearch Division. TUse of the
indicator has been limited mainly to experiments on rockst—propelled
models. However, no basic limitations are inherent in the design which
would prohibit lts use for other testlng techniques.

DESCRIFTION

A sketch of the NACA vane—type angle—of-—ettack indicator is shown
as figure 1., This indicator consists of a conical body with & flat—
plate triangular vane mounted at the rearward part. The vane 1s
pivoted about a point shead of the aerodynamlc center and 1s staticaelly
balanced about thils plvot axlg so that the alr forces end moments wlll
cause the vane to float at zero angle relatlve to thse wind. Rotation
of the vane about the pivot axis 1s converted by means of push rods to
trenslation of an iron core (also counter-balanced) which moves inside

1Supersedes recently declassified NACA RM L9F28a, 19L9.
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an inductance coll. The angular position of the vane relative to the

gting 1s then obtalned as a function of inductance. The stops shown in

the sketch limit the range of the instrument. With no stops the s
maximum angle~of—-ettack range of this instrument is about +15

Figure 2 1s a photograph of the angle-of-attack indicator mounted on

the nose of a rocket—propelled research model.

DISCUSSION

Some of the early flight tests of this angle-of-attack indicator
mounted in the high-speed flow over the wing of a fighter—type alrplane
and on rocket—propelled models gave evidence of a flutter or buzzing phe— R
nomenon occurring in some cases near a Mach number of 1.0 and in one case :
near a Mach number of 2.0. An investigation of this buzzing phenomendn ” -
conducted in the Langley 8-foot high-speed tunnel indicated that e
buzzing was due to a mechanical fallure of the ball or plvot—type
bearings. Since these tests, all indicators have been equipped with
plain sleeve—type bearings end no further trouble has been encountered
with flutter. —- . -

After the Investigation of the buzzing phenomenon, one of tbe

indicators was tested at zero angle of yaw through an angle-of-attack A
range of -4° to 12° at Mech numbers of 0.85, 0.95, and 1.20. The results
are given in figure 3 as a plot of the angle of attack of the sting i

ageinst the angle measured by the Indicator. The agreement between the
two angles of attack is best at a Mach number of 1.2. In any case, how—
ever, with due consideration given to the accuracy of the measurements,
the data indicate that the instrument has a callibration factor of 1.0.

Measurements obtalned with this engle-of-attack indlcator, flrst
on special rocket—propelled test vehlcles and then on actual research
models, indicate that, with & symmetrical and carefully balanced
instrument, reliable data can be obtalned. Great care must be taken in
the comstruction, surface finishing, alinement, and positioning of the
indicator if it 1s to read absolute angles of attack correctly. In sny
case, the Indicated verlations of angle of-attack have been shown to be
very good. ' Co-

Figure L presents a reproduction of a section of a telemetered
record of some angle—of-attack data obtalned on the rocket—propelled
research model shown in figure 2. The trace of angle of attack follows
the normal acceleration with no apparent time lag.

n
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CORRECTIONS

Small corrections for rate of pitch about the center of gravity must
be made to the indicated angles of attack to convert them to angles of
attack at the center of gravity of the model as shown in the following
formula:

mcg = d.i + % é

where

“cg angle of attack at center of gravity of model, deg

g angle of sttack measured by indicator, deg

X distance between aerodymemic center of vane and center of
gravity of model (positive when vane is shead of center of
gravity), ft

v model veloclty, ft/sec

8 pitching velocity of model about its center of gravity, deg/sec

In the usual installation, with the vane mounted ahead of the wing-—
fuselage combinastion, it may be necessary to meke corrections for the
effect of upwash at subsonic speeds. For any given configuration this
upwash is a function of the distance of the vane ahead of the wing—
fuselage combination and the flight Mach number such that the correction
to the indicated angle of attack decreases with increasing distance and
with increasing Mach number. As the Mach number increases to 1.0, the
upwash should decrease to zero, as no disturbances can exist ahead of the
wing-fuselege combination at or sgbove sonic velocity. Theoretical methods
for calculating upwash are availgble in references 1 and 2. Calculations
based on these theories indicate that, for a typical rocket—propelled
regearch configuration et high subsonic speeds, the upwash effect is
small if the vane is mounted at least 3 or 4 mean wing chords ahead of
the wing aend about 1 body diameter shead of the body. It is recommended
that, for subsonic installations of the angle-of—attack indicator, the
vane be mounted as far shead of the wing—fuselage combination as is
feasible to minimize the upwash effect.
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CONCLUDING REMARKS

A -vane-type angle-of—attack indicator suitable for measurements
at both subsonic and supersonic speeds has been developed by the NACA.
Measurementes made with the indicator mounted on rocket—propelled models
indicate that, if the following precautions are observed, the vane will
give reliable results:

1. The wvane should be mounted as far forward of the wing as is
feasible to minimize errors due to upwash at subsonic speeds.

2. Care should be used in the manufacture and installation of the
vane so that absolute angles of attack will be correct.

3. Corrections should be applied for rate of pitch to the indicated
readings. .

Langley Aeronautical Laboratory,
Natlonal Advisory Committee for Aeromsutics,
Langley Field, Va., June 23, 1949.
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Figire l.— HACA vane—type angle—-of-ettack indicator,
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rocket—propelled model.

Typicel installation of an angle—of-attack indicator on &

" Tgure 2.—
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Figure 5.~ Celibration of NACA vane-type angle-of-atteck indicator in
Lengley 8-foot high-speed twmel.
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Figure 4.~ Typlcal telemetered trace of angle of ettack obtalned with NACA vene-type
angle~of=attack indieator..
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